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1
Introduction
In this contribution, we identify some inconsistency in the PHY and MAC specifications regarding handling inconsistent control information, in particular when two or more dynamic PDCCH grants contain distinct transport block sizes. A few interpretation options are discussed.
2
Discussion

2.1 Current Specification
In 36.213, the following is specified:
· A UE shall discard PDSCH resource allocation in the corresponding PDCCH if consistent control information is not detected.

· A UE shall discard PUSCH resource allocation in the corresponding PDCCH with DCI format 0 if consistent control information is not detected.
On the other hand, in 36.321 Section 5.3.2.2, the following is specified for DL H-ARQ operation:

[if it is a re-transmission]

-
if the TB size is different from the last valid TB size signalled for this TB:

-
the UE may replace the data currently in the soft buffer for this TB with the received data.
Note that the decision of a new or a re-transmission is solely based on whether the NDI bit is toggled or not (if no previous NDI is avaliable, the first NDI indicates a new transmisison). When two or more dynamic grants are received with the same NDI, but with inconsistent transport block sizes, the PHY specification and the MAC specification are in conflict.
2.2 Inconsistent Control Information
We will focus one specific example on how to handle inconsistent control information when two or more dynamic PDCCH grants contain distinct TB sizes. This is shown below for the UL case (it can be easily extended to the DL case):
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Figure 1 One example of inconsistent TB sizes for the same NDI, UL
In this case, the UE receives three consecutive dynamic UL assignments for the same H-ARQ process. Since NDI is only toggled in the first DCI format 0, the UE shall consider the assignments at times t, t+8, and t+16 as for the first, second and third H-ARQ transmissions of the same transport block. Suppose that, however, the transport block sizes for the three assignments are inconsistent. In particular, the first assignment indicates a TB size of TBS1, while the subsequent two assignments indicate a TB size of TBS2 ≠ TBS1. What is the expected UE behavior?
2.3 Interpretation of the UE Behavior

Depending on whether distinct TBS sizes between different H-ARQ transmissions with the same NDI are considered to be inconsistent control information or not, the following alternatives are envisioned.

2.3.1 Option I: Discard Inconsistent TB Sizes

One option is to treat the distinct TB sizes the same as inconsistent control information, as implied in the PHY specification and interpret as follows:
· Since TBS2 ≠ TBS1, the second assignment at t+8 in Figure 1 shall be discarded by the UE. Hence the UE will not carry out retransmission at t+8. Note that for DL, this implies that when multiple PDCCH grants corresponding to the same NDI map to different transport block sizes, the UE shall discard the LLRs corresponding to those PDCCH grants with different TB sizes from the initial PDCCH.
· At time t+16, the UE would still compare the assignment received at time t+16 with that at time t. Although the third assignment has consistent control information with that at time t+8, it has inconsistent control information with that at time t. As a result, the third assignment shall be discarded as well. 

That is, if the control information is deemed as inconsistent, the corresponding assignment shall be discarded by the UE and shall not be used for any future reference. Instead, the intial assignment should always be the reference for the TB size. 
Note that when the first UL grant is correctly received by the UE, the UE will always assume TBS1 for the transport block. On the other hand, if the first UL grant is missed, but the second UL grant message is correctly received by the UE, the UE will assume TBS2 for the transport block. Thus, the eNB has to perform blind detection  of PUSCH transmissions in terms of different TB sizes. 
2.3.2 Option II: TB Size Based on Latest Grant

Another alternative is to treat the distinct TB sizes as a valid case, as implied in the MAC specification for the DL H-ARQ process, and interpret as follows:

· Upon reception of the second assignment at t+8 with TBS2 ≠ TBS1, the UE may replace the current PDU built based on TBS1 by a new PDU built based on TBS2. Note that other H-ARQ parameters such as CURRENT_TX_NB should not be impacted (i.e., continue incrementing instead of being reset).

· The third assignment at time t+16 is a valid assignment as well.
Note also that in 36.213, it is specified that:

· For DL: for 29≤IMCS≤31, the TBS is determined based on the latest PDCCH for the same transport block using 0≤IMCS≤28. This implies that one transport block may have two or more TB sizes. If the third assignment at t+16 contains 29≤IMCS≤31, TBS2 will be used for the third H-ARQ transmission.
· For UL: for 29≤IMCS≤31, the TBS is determined based on the initial PDCCH for the same transport block using 0≤IMCS≤28. This implies that if the 3rd H-ARQ transmission uses an IMCS satisfying 29≤IMCS≤31, the UE will have to replace the PDU built based on TBS2 by the PDU built based on TBS1. To avoid such PDU re-building, the TBS for 29≤IMCS≤31 can be determined based on the latest PDCCH, as in the DL case.
Note also that in 36.321, Section 5.4.2.2, it is specified that non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt. This implies that the TBS for UL non-adaptive re-transmissions is based on the latest PDCCH.
Note that when the second UL grant are correctly received by the UE, the UE will assume TBS2 for the transport block. On the other hand, if only the second UL grant is missed (among the 3 grants), and the third UL grant uses 29≤IMCS≤31, the UE will assume TBS1 for the transport block .Thus, similar to Option I, the eNB also has to perform blind detection  of PUSCH transmissions in terms of different TB sizes. 

2.3.3 Option III: Different DL&UL Interpretations
Yet another alternative is to allow DL and UL to have different interpretations regarding distinct TB sizes for the same NDI. One straightforward interpretation is:

· Option I for UL
· Option II for DL

For UL (one transport block has only one TB size):

· Both the 2nd and 3rd assignment will be discarded

· This is consistent with the statement in 36.213: for 29≤IMCS≤31, the TBS is determined based on the initial PDCCH for the same transport block using 0≤IMCS≤28, and with 36.321 where there is no handling of distinct TB sizes for UL H-ARQ
For DL (one transport block may have one or more TB sizes):

· Both the 2nd and 3rd assignment are valid assignments, and TBS2 replaces TBS1

· This is consistent with the statement in 36.213: for 29≤IMCS≤31, the TBS is determined based on the latest PDCCH for the same transport block using 0≤IMCS≤28, and with the statement in 36.321: new TB may replace old TB in the soft buffer

2.3.4 Option IV: Explicitly Avoid Distinct TB Sizes

It may be desirable to avoid the issue in the spec, by explicitly specifying that for the same NDI in the same H-ARQ process, the TB size shall always be the same. 

By doing this, we can avoid distinct TB sizes due to eNB scheduling. Note that there is still a possibility (although very small) that the UE may receive distinct TB sizes due to channel conditions. As a result, options I, II and III are still necessary. In other words, options I, II and III are not necessarily conflicting with option IV, but can rather be complementary.

The following table compares the above four options:
Table 1 Comparing Different Options

	
	Description
	Spec Impact

	
	
	PHY
	MAC

	Option I
	Discard latest assignment
	DL: change that for 29≤IMCS≤31, the TBS is determined based on the initial PDCCH for the same transport block using 0≤IMCS≤28.
DL&UL: specify that for the same transport block, the TBS has to be the same
	Remove the sentence in 36.321 Section 5.3.2.2

	Option II
	Keep latest assignment
	DL&UL: add that for the same transport block, the TBS may be different 

UL: change that for 29≤IMCS≤31, the TBS is determined based on the latest PDCCH for the same transport block using 0≤IMCS≤28.
	Add one sentence in MAC on how to handle distinct TB sizes of the same NDI for UL

	Option III
	UL: discard latest assignment

DL: keep latest assignment
	UL: specify that for the same transport block, the TBS has to be the same

DL: add that for the same transport block, the TBS may be different 


	No change

	Option IV
	Explicitly forbid distinct TB sizes for the same NDI
	No change*
	Remove the sentence in 36.321 Section 5.3.2.2

Add one sentence that for the same NDI, TB size has to be the same


* As discussed earlier, Option IV is not necessarily conflicting with options I, II and III, and can not completely solve the problem by itself.
Based on the above analyis, it seems that Option III has the least spec impact. In particular, it has no impact on MAC specifications, and the change can be containted within PHY specifications.
3
Conclusions
In this contribution, we show via a specific example some inconsistency regarding interpreting distinct TB sizes for the same NDI in the PHY and MAC specifications. Sevelal options are discussed, and the potential impacts on PHY and/or MAC specifications are compared. We recommend RAN1 to discuss the issue and conclude on one of the options in Table 1 such that UE behavior can be explicitly defined. 
Option III has the least spec impact, and the change is completely contained within PHY specifications. If it is agreeable, a CR can be prepared against 36.213, with the following changes:
· For DL, add that for the same transport block, the TB size may be different

· For UL, add that for the same transport block, the TB size would be the same
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